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ELEVATOR ACTIVE SUSPENSION UTILIZING 
REPULSIVE MAGNETIC FORCE 

B ACKGROT INT) OF THE INVFNTTnM 

This application relates to an elevator car having lateral suspension provided 
by electromagnets mounted on the car and a car follower to create a repulsive 
magnetic force. Preferably, the car follower has a pair of electromagnets which are 
interconnected to move together. 

Elevator cars are typically guided for movement upwardly and 
10 downwardly by passive suspension systems including spring biased rollers 
moving along rails. One challenge faced by elevator designers is the control of 
lateral vibration. Any vibrations that occur as the car moves laterally reduce the 
ride quality, which is undesirable. 

One problem with addressing lateral vibrations is that the vibrations 
15 occur across a range of frequencies. Fully addressing these vibrations is not 
possible with typical passive suspension systems. In particular, to address low 
frequency vibration, a high spring stiffness for the passive suspension would 
be necessary. On the other hand, a high spring stiffness would not address the 
high frequency vibration, which would require a lower spring stiffness. Thus, 
20 passive suspension systems have not been able to address a wide band of vibration 
frequencies. 

It has been proposed to utilize magnetic suspension, members in combination 
with these passive suspensions. These combined systems have not always been 
fully acceptable either. Moreover, these systems have a resultant noise which 
25 would be undesirable. 

Other suspensions rely solely upon magnetic suspension elements. These 
suspension elements have typically used an attractive magnetic force. That is, a 
steel rail is provided, and an electromagnet is provided on the car. The 
electromagnet is attracted to the steel rail. An electromagnet and guide rail are 
30 associated with each side of the car. Thus, in an idealized situation, two opposed 
attractive forces center the car between the two rails. However, in practice, this 
system would actually be unstable. Should the car move slightly toward either 
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side, which would be the natural effect of an additional lateral force, then the 
system would become quickly unstable. In particular, the attractive force 
between the rail and the electromagnet is proportional to the inverse of the 
square of the distance. As the car moves closer to one of the two rails, the 
5 attractive force would also increase. Thus, should the car move closer to one rail, 
the attractive force pulling the car further toward that rail would also begin to 
overcome the attractive force pulling the car toward the other rail. One other 
problem with this type of system is poor controllability. There could be a good deal 
of power loss in the steel rail, and current saturation. Further, the shape of the 

10 rail would make controllability difficult. 

A system disclosed in U.S. Patent 6,510,925 would rely upon repulsive 
magnetic forces. A repulsive magnetic force would have the opposite correction to 
an attractive magnetic force, and would thus tend to center a car. 

The system disclosed in U.S. Patent 6,510,925 has a separate car follower 

15 associated with each of the two guide rails. These car followers are connected 
through springs to the car. Thus, the car followers are not free to move relative to 
the car, and are each independent of the other. These facts would make it more 
difficult to control the lateral vibration, and could, in fact, cause additional lateral 
and even vertical vibrations. 

20 

SUMMARY OF THE INVENTION 

In a disclosed embodiment of this invention, a car follower portion having 
an electromagnet faces an electromagnet associated with the car at each of a pair of 
guide rails. A repulsive force is created between the electromagnets on the car 
25 follower portion and the car. The electromagnets can be better controlled than 
permanent magnets. A control can adjust the field strength of the electromagnets 
to control the magnitude of the repulsive force. Thus, the use of electromagnets 
associated with both of the follower portions and the car provides benefits over the 
prior art. 

30 In another feature, and in the preferred embodiment, the car follower 

portions associated with the two guide rails are interconnected into a single car 
follower. The car follower is able to move relative to the car in the horizontal 
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plane which is perpendicular to the axis of movement of the car. However, the 
car follower does move with the car along the direction of travel. The car 
follower is guided along both rails. Should there be a lateral vibration, the 
repulsive force between the car follower and the car will ensure that this force 
will be dampened or reduced. A more standard, or even rigid, guide can be used 
between the guide rails and the car follower. While the feature of the single car 
follower is preferably utilized with electromagnets, it can also provide benefits when 
used with permanent magnets. 

These and other features of this invention can be best understood from 
the following specification and drawings, the following of which is a brief 
description. 

BRIEF DESCRIPTION QF THE DRAWINGS 

Figure 1 is a schematic view of an embodiment. 
Figure 2 schematically shows a feature of the Figure 1 embodiment 
Figure 3 is a view normal to the view of Figure 2. 
Figure 4 is a detail of one feature of the Figure 1 embodiment. 
Figure 5 shows a first embodiment mount for the Figure 1 embodiment. 
Figure 6 shows a second embodiment mount. 



20 



DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows an elevator system 20 according to an example embodiment 
of this invention wherein a car follower 22 carries electromagnets 24 associated with 
vertically upper and lower positions, and with each lateral side of the car follower. 

25 For purposes of this application, the lateral sides of the car follower are referred to 
as two car follower portions. Of course, as discussed, in fact there is a single car 
follower, with these two "portions" being connected together. The electromagnets 
24 are spaced in opposed relationships to electromagnets 26 fixed to an elevator car 
28. The electromagnets 24 move along guide rails 25 as the car 28 moves up or 

30 down. Control 30 communicates with each of the electromagnets 24 and 26 and can 
control the field strength delivered by the electromagnets. The electromagnets in the 
opposed sets 24 and 26 create a repulsive magnetic force tending to center the car 28 
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between the opposed lateral sides of the car follower 22, and hence between the 
guide rails 25. 

The car follower 22 includes a horizontally extending crossing member 32 
connected at a universal joint 34 to a vertically extending member 36. The 
5 electromagnets 24 are mounted on the vertically extending member 36. 

As shown in Figure 2, the electromagnets 24 are associated with at least one 
guide roller 42 movable along the guide rail 25. Figure 3 also shows the 
arrangement of the electromagnets 24 and 26. The roller 42 may generally be as 
known in the art. 

10 The electromagnets 24 sit opposed to an electromagnet 26 mounted on a 

vertically extending bar 40 associated with the car 28. As shown in Figure 1, bars 
40 connect the car 28 to a guide member 38. The crossing members 32 extend 
through the guide member 38, as will be better understood below. 

Figure 4 shows details of the guide member 38 and car follower 22. The 

15 crossing member 32 extends through a slot 44 or space in the guide member 38. 
While there is some small clearance between the crossing member 32 and the 
vertical distance between walls 51 and 53, there is only a slight clearance. Thus, the 
crossing member 32 and hence the entire car follower 22 will tend to move 
vertically with the car 28. Further, the slot extends between side walls 46 and 48 

20 within the guide member 38. The crossing members 32 are free to move a good deal 
within guide member 38 between these two side walls 46 and 48. Further, the 
crossing member 32 is free to move further inwardly and outwardly of the slot 44 
within limits generally defined by the vertically extending members 36. That is, the 
crossing member 32 could move generally to the right and upwardly as shown in the 

25 perspective of Figure 4 until the vertically extending member 36 abuts an end wall 
50 of the guide member 38. Thus, it is clear that the crossing member 32, and hence 
the car follower 22 is free to move in a plane which is generally horizontal relative 
to the car, within the limits as described above. 

While it is perhaps easier to visualize movement of car follower 22, in fact, it 

30 would probably be more accurate to state that during operation, the car 28 is free to 
move relative to the car follower 22. The car follower 22 would tend to be guided 
between the guide rails 25 and thus the adjustment due to the repulsive force on the 
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electromagnets 24 and 26 will likely cause the car 28 to move laterally between the 
car follower electromagnets 24. 

Figure 5 shows a first possible embodiment of the magnetic guide structure 
for each of the rails. As shown, the electromagnet 26 actually includes a pair of 
5 electromagnets 52 facing electromagnets 50 on the car follower 22. As can be 
appreciated, there is a repulsive force between the electromagnets 50 and 52 
which tends to reduce any effect of lateral vibration between the car follower and 
the car. The car follower 22 includes spring biased guide rollers 54 and a guide 
roller 56 without a spring, movable along rail 25. The structure and operation of the 

10 roller guides, including their spring bias is as known in the art, and is shown very 
schematically in Figure 5. 

Figure 6 shows an embodiment wherein there is less space for the guide 
structure. In this embodiment, there are three electromagnets 50 associated with the 
car follower. Guide rollers 58 which may be spring biased, ride along the guide 

15 rail 25. 

With the present invention, a repulsive force is provided and 
maintained between the electromagnets associated with the car and the car 
follower. As a lateral vibration affects either the car follower or the car, the 
repulsive magnetic force would tend to center the car between the opposed rails. 

20 In this way, lateral vibrations will not affect the ride quality for the elevator car. 

The control shown schematically at 30 in Figure 1 can sense the 
amount of force needed at any point, and can control the field strength of the 
electromagnets to in turn control the magnitude of the repulsive force. This 
provides valuable benefits, and identifies another reason why the use of 

25 electromagnets is an improvement over the prior art permanent magnets. 
Also, the control may be provided with feedback such as car speed and load, 
and can vary the magnitude of the repulsive force based upon the speed and 
load as appropriate. How the elevator designer would like to vary the control 
may differ with the specific application. However, the present invention 

30 provides a way to allow such variation. How one would sense vibration, 
speed or other variables to determine appropriate control would be within the 
level of skill in the art. 
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Although a preferred embodiment of this invention has been disclosed, 
a person of ordinary skill in this art would recognize that certain modifications 
would come within the scope of this invention. For that reason, the following 
claims should be studied to determine the true scope and content of this invention. 
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